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ABSTRACT 
Following the 2008 removal of Milltown Dam on the Clark Fork, the U.S. 
Geological Survey, in cooperation with the U.S. Environmental Protection Agency, 
began a multi-year monitoring effort to evaluate hydraulic and scour conditions at the 
1-90 bridges located 0.44 kilometers upstream on the Blackfoot River. The profile of 
water-surface elevation surveyed at the 1.5-year recurrence interval peak flow 
(bankull discharge) indicated substantial bridge contraction and complex hydraulics. 
Maximum measured pier scour of 1.2 meters was likely limited by argillite bedrock 
underlying the gravel and cobble streambed. Velocities measured within the 
contracted bridge opening at bankfull discharge exceeded the 1.83 meters per second 
considered favorable for bull trout (Salvelinus confluentus) passage, except perhaps at 
the very bottom and along the edges of the channel. Bathymetric surveys indicated 
substantial changes in channel geometry within the study area since the removal of 
the dam, which also is evident in shifts of stage-discharge rating curves. 
INTRODUCTION 
The 2008 removal of Milltown Dam on the Clark Fork, near Bonner, 
Montana, was predicted to affect pier and abutment foundations of nearby bridges . 
The substantial contraction of streamflow at the bridges was expected to exert 
hydraulic forces on these structures not experienced when the bridges were in the 
backwater of Milltown Reservoir. The bridges are located near the confluence with 
the Clark Fork and are part of U.S. Interstate 90 (1-90), a major transportation 
corridor through Montana. Countermeasures used to mitigate predicted scour and 
erosion included substantial modification to the piers and abutments of the 1-90 
bridges that cross the Blackfoot River 0.44 kilometers (km) upstream from the dam 
near the confluence with the Clark Fork. Dam removal enables bull trout (Salvelinus 
confluentus), listed as threatened under the Endangered Species Act, to reach critical 
habitat in the headwaters of the Blackfoot River. However, fish must first pass 
through the contracted 1-90 bridge opening during spring runoff when high velocities 
might inhibit fish passage. 
The U.S. Geological Survey (USGS), in cooperation with the U.S. 
Environmental Protection Agency (USEPA), began monitoring hydraulic and scour 
conditions at the 1-90 bridges prior to the spring 2009 runoff season, following dam 
removal. The purposes of the multi-year monitoring are to measure effects of 
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streamflow conditions on the 1-90 bridge pier and abutment structures and nearby 
stream channel morphology, obtain hydraulic and scour data to calibrate and verifY 
hydraulic models, and collect stream-velocity data that would be used to evaluate 
whether bull trout can swim upstream through the contracted bridge opening during 
spring runoff. 
STUDY AREA 
The Blackfoot River, a snowmelt-dominated coarse-bed stream in western 
Montana, has a drainage area of about 5,931 square kilometers (km2) upstream from 
two highway bridges that span the river near Bonner (fig. 1). About 0.44 km 
downstream is the former site of Milltown Dam and reservoir, a low-head 
hydroelectric facility on the Clark Fork, where sediments enriched in trace elements 
from more than 100 years of historical mining had been deposited since the 
construction of the dam in 1907. The removal of Milltown Dam was completed in 
2008 as part of the USEPA Superfund remedial activities. 
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Figure 1: Diagram showing location of the study area before dam removal 
(P.D. Smith, CH2MHILL, written commun., 2010). 
The 1-90 bridges consist of two identical two-lane structures that convey 
eastbound (1-90 East) and westbound (1-90 West) traffic. The continuous steel girder 
bridges were completed in 1964 and have a total length of about 104.5 meters (m) and 
a maximum clear span of about 38.3 m. The support for the main span of each bridge 
is a single cylindrical pier 3.05 m in diameter located at midspan within the main 
channel of the Blackfoot River. The end supports for the main span of each bridge 
are two bridge pilings, or bents, located about one-halfway up the embankments out 
of the river. The pilings also support two shorter approach spans. The original 
foundation for the center pier is a spread footing excavated into riverbed alluvium. 
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The footing seal is likely to be in contact with argillite bedrock having a rough and 
uneven surface (CH2MHill , 2006a) . Boring logs at stations locating the 1-90 East and 
1-90 West piers indicate a gravel layer 0.12 m thick at the concrete seal and argillite 
interface. 
The original foundation design for the center pier was based on the 
assumption that backwater conditions created by Milltown Reservoir would persist 
throughout the service life of the bridges; thus, velocities would always be low and 
scour would not be a problem. Spread footings for the center piers were, therefore, 
considered a valid design. With the dam removed, however, seasonal flood velocities 
in the Blackfoot River through the 1-90 bridge openings were predicted to cause pier 
scour problems (CH2MHill, 2006b) . 
Countermeasures chosen to mitigate predicted pier scour included 
underpinning the spread footings with mUltiple drilled shafts that extend into the 
argillite. The size of the footings and seals also were increased by encasing the 
drilled shafts in reinforced concrete. Micro-pile walls and jet-grout columns were 
constructed just down slope from the bridge pilings supporting the approach spans to 
mitigate slope-stability concerns. Rock riprap and interlocking concrete armor units 
(A-Jacks) were placed on the bank up to the predicted 500-year water-surface 
elevation. A-jacks were placed at a 2: 1 slope to improve slope stability and provide 
scour protection. These countenneasures result in a substantial bridge contraction 
that increases the severity of local hydraulic conditions relative to natural conditions. 
The ratio of uncontracted- to contracted-flow width (contraction ratio) was measured 
to be about 2.0 at the 1.5-year recurrence interval flood. 
METHODS 
Monitoring activities at the site included using fixed instrumentation to 
continuously measure pier scour and stream stage, conducting bathymetric and 
topographic surveys, and conducting periodic site visits to measure flow depths and 
velocities. Acoustic transducers were fixed to each pier to measure real-time pier 
scour and consisted of four 8-degree beam angle, 235-kilohertz transducers. A non-
submersible pressure transducer, attached to an orifice line located on the downstream 
side of the 1-90 East pier, was installed to measure and record stream stage. A pulse-
radar unit was installed to measure stage at the State Highway 200 bridge (SH 200) 
located about 260 m upstream. Transducers and stage-recording devices were linked 
to a data-collection platform (DCP) and Geostationary Operational Environmental 
Satellite (GOES) transmitter to log and transmit data in real-time. Streamflow was 
recorded at the USGS gaging station Blackfoot River near Bonner, Mont. 
(12340000), located about 12.7 km upstream. No large tributaries flow into the 
Blackfoot River between the gage near Bonner and the study area. 
Streambed bathymetry and topographic surveys were conducted before and 
after the 2009 runoff season in the study area. A land-based robotic total station was 
used to survey the river reach in the study area when the river could be waded (fig. I). 
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The robotic total station was paired with a boat-based survey-grade echo sounder to 
survey the bathymetry when flow conditions prohibited wading. Survey data were 
used to identify locations where the channel scoured or filled and to provide data for 
calibration and verification of hydraulic models constructed by other agencies. 
In addition to data from permanently installed instruments and survey data, 
other hydraulic data were measured during site visits including water depth, water-
surface elevations for constructing water-surface profiles, and flow velocity. 
Hydraulic data associated with the 1.5-year recurrence interval peak streamflow of 
198 meters per second (m3/s) were collected because this streamflow approximates 
bankfull discharge and is the streamflow for which hydraulic data were sought for 
assessing the likelihood of bull trout passage. Flow depth and velocity were 
measured using an acoustic Doppler current profiler (ADCP) at cross sections located 
upstream and within the contracted 1-90 bridge opening. Depth and velocity and 
depth data were obtained both laterally across the section and in the vertical profile. 
Velocity was measured at an uncontracted approach section, a partially contracted 
section, and a fully contracted section. The ADCP was mounted on a tethered boat 
and was held stationary at positions along selected cross sections. Turbulence, air 
entrainment, and standing waves prevented high-flow measurements downstream 
from the piers where the stream widens. 
MONITORING RESULTS AND DISCUSSION 
At the end of the first year (2009) of study, a preliminary analysis of the data 
was conducted. It is apparent from the analysis that the removal of Milltown Dam 
has altered the hydraulic conditions in the study area. These altered conditions have 
changed the effect of the 1-90 bridges on the channel morphology of the Blackfoot 
River in the study area. Because results reflect a single year of monitoring, more 
comprehensive conclusions can not be made until multiple years of data are obtained. 
Flow impingement and obstruction of flow on the upstream face of the 6.7-m 
wide 1-90 West bridge pier footing causes complex hydraulic conditions during high 
flows. The obstruction splits the flow to either side of the footing and results in two 
different water-surface profiles to the right and left of the piers of each bridge (fig. 2) . 
Other hydraulic conditions observed during 2009 runoff at the piers included 
turbulent flow on the backside of the footings , flow separation zones that propagated 
downstream from footings, vortices on the sides of the footings, rollers, and standing 
waves in the expanding reach downstream from the bridge opening. Water-surface 
elevations surveyed on June 1 indicated a substantial drop of 1.36 m (fig. 2) through 
the bridge when the flow equaled 277 m3/s, slightly in excess of the 2-year recurrence 
interval. Water-surface elevations surveyed on March 31 indicate that the 1-90 
bridges have little impact on the flow profile for low-flow conditions. 
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Figure 2: Water-surface profiles, channel bottom, and pier footing locations 
for the 1-90 bridges through the study area. 
Four acoustic transducers were fixed to the bridge piers in March 2009 to 
continuously measure scour and fill. Only one transducer (TI) operated successfully 
because turbulence and air entrainment in the water column hindered the performance 
of the other transducers. Maximum total scour equal to 1.2 m was measured on the 
left upstream side of the 1-90 West pier, and reflected the net effects of both pier 
scour and contraction scour components. Although scour depth typically increases as 
flow increases, scour response at the site was more complex and lagged behind the 
initial short-duration peak flow recorded on May 20 (fig. 3). Instead of scouring on 
May 20, scour began on the second rising limb of the runoff hydrograph recorded on 
May 24 and reached maximum depth on May 25 for a peak flow slightly less than the 
May 20 peak of 272 m3/s. The lag in scour may have been caused by weakening of 
the armor layer during the first peak, followed by rapid scour on the second rise of the 
hydrograph. Another possibility was that the rate of transport into the scour hole on 
the first peak was similar to the rate of transport out of the scour hole under live-bed 
scour conditions, with only minor net scour taking place. 
The streambed elevation measured by transducer T I remained very near the 
May 25 scoured level well into November 2009, with some minor infilling. Pier 
scour measured on May 25 was only about 30 percent of pier scour predicted by the 
HEC-18 equation (Richardson and Davis, 2001) and may have been limited by scour 
resistant argillite bedrock underlying the gravel and cobble streambed. Pier and 
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contraction scour extended downstream (fig. 2) to about station 500, near the 
confluence with the Clark Fork. 
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Figure 3: Blackfoot River hydrograph and bed elevation at transducer Tl 
located on left side of the upstream 1-90 bridge pier. 
Streambed bathymetry and topographic surveys of bridge abutments and 
embankments were conducted before and after 2009 runoff. The survey data were 
used to generate cross sections and water-surface profiles and to develop the 
computational mesh for two-dimensional hydraulic modeling. A cross section in the 
contracted reach (fig. 4) between the 1-90 East and West piers indicates maximum 
residual scour in the left channel of about 1.2 m and maximum residual scour in the 
right channel of about 1.0 m. Scour is least in rnidchannel because of the sheltering 
effect provided by the 1-90 pier footings . Erosion of the left and right abutment toe 
and settlement of the right A-Jack embankment also is evident and reflects damage 
that required major repair in 2010. Examination of other cross sections indicated that 
most of the study reach experienced net scour similar to that shown in figure 4. 
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between the 1-90 piers. 
Velocity-profile measurements provided data for the evaluation of the 
likelihood of bull trout passage through the study area. Channel velocities less than 
1.83 mls are considered favorable for bull trout passage (G. D. Beattie, CH2MHILL, 
written commun., 2009). In the study area, fish passage is most limited where flow is 
split into two channels by the pier footing for the 1-90 West bridge and velocities are 
greatest. Velocity-profile data were collected at six stations along a cross section 
with split flow (fig. 4) by holding an ADCP stationary for up to 5 minutes at each 
station while velocity data were logged. This approach is based on the midsection 
method (Mueller and Wagner, 2009), where the measured water velocity is not biased 
by moving-bed conditions. Velocity-profile measurements (fig. 5) were made on 
April 24, 2009, when the flow (196 m3/s) approximated bankfull discharge. Velocity 
could not be measured near the streambed and water surface because of limitations 
inherent in the ADCP technology and were estimated by curve extension (Teledyne 
RD Instruments, 2007). Measured flow velocities for the six stations at bankfull 
discharge exceed velocities deemed favorable for bull trout passage. Flow velocities 
favorable for bull trout passage « 1.83 mls) may only exist near the channel bottom 
or perhaps along the channel edges. Average velocities at bankfull discharge 
obtained for the uncontracted approach section, partially contracted section, and a 
fully contracted section were equal to 1.82 mis, 2.30 mis, and 3.46 mis, respectively. 
Average velocity through the fully contracted bridge opening is, therefore, almost 
twice the velocity indicated in the uncontracted approach section considered typical 
of natural conditions. 
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Figure 5: Velocity profiles for cross section (fig. 4) located between 1-90 East 
and 1-90 West bridge piers. 
Stream stage at the 1-90 and SH 200 bridges and streamflow data for the 
USGS gage at Blackfoot River near Bonner were used to develop stage-discharge 
rating curves (fig. 6) for the study area. Rating-curve shifts were computed to 
provide a means for assessing stream stability (Lagasse, 1991). A continued shift in 
one direction over the long term can indicate a stream reach is aggrading or 
degrading. The 1-90 rating curve reflects stage-discharge conditions for a reach where 
flows exit the 1-90 bridge contraction and the stream expands to the confluence with 
the Clark Fork. The 1-90 rating curve had no detectable shift at higher flows but 
shifted to the left when flow dropped to about 100 m3/s on the falling limb of the 
spring 2009 hydrograph (fig. 6). Substantial deposition of gravel and small cobbles 
took place at the mouth of the Blackfoot River on the falling limb of 2009 runoff and 
is the likely cause for the shift observed in the 1-90 rating curve. 
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Figure 6: Blackfoot River stage-discharge rating curves used to assess stream 
stability at two locations in the study area. 
The SH 200 rating curve reflects stage-discharge conditions for a reach 
located upstream from the 1-90 bridges. The rating curve shifted substantially to the 
right on the rising limb of the hydrograph (fig. 6) when flow reached about 110 m3/s, 
indicating channel scour. The SH 200 rating curve shifted slightly to the left 
throughout much of the falling limb of the hydrograph indicating channel infil!. The 
net rating curve shift for the 2009 runoff hydrograph was to the right due to the 
substantial shift on the rising limb of the hydrograph. A net shift to the right indicates 
that scour predominated over the 2009 runoff period in the SH200 reach. Comparison 
of pre- and post-runoff cross-section data indicate that residual scour prevailed in the 
reach reflected by the SH200 rating curve. Multi-year monitoring of rating-curve 
shifts at the two sites could provide a better indication of channel stability in the study 
area and identify trends, if any, that are taking place. 
SUMMARY 
Piers and abutments of the 1-90 bridges crossing the Blackfoot River near 
Bonner, Montana, underwent substantial modification to mitigate scour and erosion 
concerns resulting from the 2008 removal of Milltown Dam, located approximately 
0.44 km downstream on the Clark Fork. Substantial contraction of flow at the bridges 
during spring runoff was expected to cause severe hydraulic conditions that might 
cause bridge scour and impede passage of threatened bull trout. Consequently, the 
USGS and USEPA began monitoring hydraulic and scour conditions at the 1-90 
bridges prior to the spring 2009 runoff season. The purposes of the multi-year 
monitoring include measuring effects of streamflow conditions on the 1-90 bridge pier 
and abutment structures and nearby stream channel morphology, obtaining hydraulic 
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and scour data for model calibration and verification, and collection of stream 
velocity data to evaluate the likelihood of bull trout passage. 
Results thus far indicate that the profile of surveyed water-surface elevation at 
bankfull discharge dropped 1.36 m through the contracted bridge opening. Maximum 
total pier scour of 1.2 m was measured, but the argillite bedrock underlying a gravel 
and cobble streambed may have limited scour. Streamflow velocities measured at 
bankfull discharge exceeded the 1.83 m/s considered favorable for bull trout passage. 
Velocities less than 1.83 rnIs may only exist very near the channel bottom or on the 
channel edges. Stage-discharge rating curves were developed for two locations in the 
study area to assess channel stability, however, multi-year monitoring at the two sites 
would provide a better assessment. Results were presented for a single year of 
monitoring, and comprehensive conclusions will require the interpretation of results 
obtained over multiple years. 
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